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qq SPEEDES: (Simulation Engine) SPEEDES: (Simulation Engine)

Synchronous Parallel EnvironmentSynchronous Parallel Environment
for Emulation and Discrete-Event Simulationfor Emulation and Discrete-Event Simulation

qq HLA HLA: (DMSO standard): (DMSO standard)

     High Level Architecture     High Level Architecture

qq RTI:  (Interoperating Simulations) RTI:  (Interoperating Simulations)

Run Time InfrastructureRun Time Infrastructure

OverviewOverview



5June 8, 2001 SPEEDES HLA-RTI Communications

High Performance HLA RTIHigh Performance HLA RTI

qq RTI-NG 1.3,  RTI-NG 1.3, pRTIpRTI
••  Network BasedNetwork Based

qq High Performance Computing High Performance Computing

••  Fast CommunicationsFast Communications

••  Large Data Sets  Large Data Sets

•• Computationally Bound Computationally Bound

•• Automatic  Automatic ParallelizationParallelization
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qq SPEEDES SPEEDES
•• Shared Memory and Network Communications Shared Memory and Network Communications

•• Declaration Management Declaration Management

•• Data Distribution Management Data Distribution Management

•• Ownership Management Ownership Management

•• Time Management Time Management

SPEEDES can inherentlySPEEDES can inherently
support HPC RTIsupport HPC RTI

High Performance HLA RTIHigh Performance HLA RTI
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SPEEDES
Communications

Library

SPEEDESSPEEDES
CommunicationsCommunications

LibraryLibrary

Host User Communications
Interface for External Modules
Host User CommunicationsHost User Communications

Interface for External ModulesInterface for External Modules

SPEEDES Event-Processing Engine
(Event List Management, State-Saving, Event Rollbacks, Message Handling)

SPEEDES Event-Processing EngineSPEEDES Event-Processing Engine
(Event List Management, State-Saving, Event Rollbacks, Message Handling)(Event List Management, State-Saving, Event Rollbacks, Message Handling)
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SPEEDES Modeling Framework
(Events, Processes, SimObjs, Clusters, Persistence, Rollback Library, Containers, Utilities)

SPEEDES Modeling Framework
(Events, Processes, SimObjs, Clusters, Persistence, Rollback Library, Containers, Utilities)

Distributed Simulation Management Services
(Entities, Components, Federation Objects,  Interactions,  Interest Management, EMF, MDDI)

Distributed Simulation Management Services
(Entities, Components, Federation Objects,  Interactions,  Interest Management, EMF, MDDI)

SPEEDES-based
Federates

SPEEDES-based
Federates

CASE Tool
Software Development

CASE Tool
Software Development

Future Simulation
(JSIMS Maritime)

Future Simulation
(JSIMS Maritime)

HPC-RTIHPC-RTI

Any HLA FederateAny HLA Federate

HLA GatewayHLA Gateway

Any HLA FederationAny HLA Federation

SPEEDES Layered ArchitectureSPEEDES Layered Architecture
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qq  SPEEDES Communication ServicesSPEEDES Communication Services are fine are fine
tuned to meet the specific needs of parallel eventtuned to meet the specific needs of parallel event
simulations.simulations.

•• Buffered and asynchronous Buffered and asynchronous

•• Immediate sending of short messages Immediate sending of short messages

•• Non-Blocking Services Non-Blocking Services

•• Mixing of Network and Shared memory Mixing of Network and Shared memory

SPEEDES CommunicationsSPEEDES Communications
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•• Initialization: Initialization:             SpCommSpComm_Startup_Startup
                                SpCommSpComm_GetNumNodes_GetNumNodes
                             SpComm         SpComm_GetNodeId_GetNodeId

•• Asynchronous Asynchronous
  Buffered  Buffered             SpSendSpSend/SpRecive/SpRecive
    Point-to-point:   Point-to-point:   

•• Reduction:          Reduction:             SpCommSpComm_GlobalMin(SpSimTime)_GlobalMin(SpSimTime)

•• Barrier  Barrier                                     SpCommSpComm_Barrier_Barrier
  Synchronization:  Synchronization:            

SPEEDES CommunicationSPEEDES Communication
ServicesServices

q Standard Communication Services
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qq SPEEDES Communication Services SPEEDES Communication Services
 unique to Parallel Event Simulations unique to Parallel Event Simulations

•• Non-blocking Barrier Synchronization:Non-blocking Barrier Synchronization:
SpCommSpComm_EnterFuzzyBarrier()_EnterFuzzyBarrier()
SpComm_SpComm_ExitFuzzyBarrierExitFuzzyBarrier()()

••  Buffered Asynchronous and Node-to-multiple-node: Buffered Asynchronous and Node-to-multiple-node:
SpCommSpComm_Send(_Send(int destint dest, … ) , … ) uniuni-cast-cast
  SpCommSpComm_Send(_Send(SpDestinationSpDestination, … ), … ) multi-cast multi-cast 

SpCommSpComm_Send()_Send() broadcastbroadcast

••  Coordinated Messaging: Coordinated Messaging:
SpComm_CoordinatedSend(SpDestination, …)SpComm_CoordinatedSend(SpDestination, …)

SpComm_SpComm_CoordinatedReceiveCoordinatedReceive()()

Once a process issues a
fuzzy barrier subsequent
calls to barrier poll rather
than block

Coordinated messages
block all process in the
designated set until all
receives are completed

SPEEDES CommunicationSPEEDES Communication
ServicesServices
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Shared
Memory
Comm.

Shared
Memory
Comm.

Node 0
A

Node 0
A

Node 1
A

Node 1
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Node 2
B
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B

MPP HPC One

Shared
Memory
Comm.

Shared
Memory
Comm.

Node 3
C

Node 3
C

Node 4
C

Node 4
C

 HPC Two

TCP/IP

>./A –lnodes 2 –nShmem 3 –nnodes 5

>./B –lnodes 1 –nShmem 3 –nnodes 5

>./C –lnodes 2 –nShmem 2 –nnodes 5

Communication SpaceCommunication Space
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A quick overview of theA quick overview of the
SPEEDES CommunicationsSPEEDES Communications

start up procedure to initializestart up procedure to initialize
the communication services …the communication services …

SPEEDES CommunicationSPEEDES Communication
Services InitializationServices Initialization



Get
TCP/IP
processes

Test C3
Test C4

     Start B2 Fork /ExecvpFork /Execvp
New processesNew processes

    A0

ShmgetShmget
Shared MemoryShared Memory

Memory
Handles

    A1 Fork Fork 
New processesNew processes

SpComm_StartUpSpComm

Print
“I’m B on node” 2

Memory
Handles

memcopymemcopy

SpComm_StartUp

Start A

Print
“I’m node” 0

SpComm
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SharedShared
MemoryMemory
SegmentSegment
(shmget)(shmget)

shmatshmat

Outgoing MessageOutgoing Message
sent to Node Ysent to Node Y

Node XNode X Node YNode Y

X Pointer ArrayX Pointer Array
“Mail Box”“Mail Box”

Shared Memory CommunicationsShared Memory Communications
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Tests and TimingsTests and Timings

SPEEDESSPEEDES MPIMPI
Number of Nodes 2 4 8 16 2 4 8 16

1   SpComm_BarrierSync 5.70E-06 9.19E-06 1.35E-05 1.36E-05 2.40E-06 3.44E-06 8.12E-06 8.12E-06
2   SpComm_FuzzyBarrier 2.87E-06 4.87E-06 6.99E-06 9.58E-06 1.57E-05 2.26E-05 5.69E-05 5.69E-05
3   SpComm_GlobalSum(int) 3.17E-06 5.34E-06 7.42E-06 1.02E-05 1.21E-05 2.15E-05 4.06E-05 4.06E-05
4   SpComm_GlobalMin(int) 3.58E-06 6.34E-06 8.92E-06 1.16E-05 1.38E-05 1.89E-05 4.61E-05 4.61E-05
5   SpComm_GlobalMax(int) 3.36E-06 5.65E-06 7.82E-06 1.06E-05 1.32E-05 1.86E-05 4.20E-05 4.20E-05
6   SpComm_GlobalSum(double) 4.20E-06 5.98E-06 8.54E-06 1.26E-05 1.23E-05 1.87E-05 4.59E-05 4.59E-05
7   SpComm_GlobalMin(double) 4.26E-06 6.99E-06 8.54E-06 1.29E-05 1.23E-05 2.21E-05 4.08E-05 4.08E-05
8   SpComm_GlobalMax(double) 4.81E-06 6.99E-06 9.87E-06 1.35E-05 1.23E-05 1.81E-05 4.59E-05 4.59E-05
9   SpComm_GlobalMin(SpSimTime) 2.19E-05 3.55E-05 4.91E-05 6.53E-05 4.15E-05 6.12E-05 0.00012 0.00012
10 SpComm_GlobalMax(SpSimTime) 2.18E-05 3.57E-05 4.90E-05 6.67E-05 3.99E-05 6.17E-05 0.00011 0.00011
11 SpComm_send_receive_single_message() 9.06E-06 8.70E-06 5.76E-06 3.91E-06 1.25E-05 1.06E-05 2.53E-05 2.53E-05
12 SpComm_send_sync_message() 3.69E-06 3.54E-06 2.74E-06 2.20E-06 5.55E-06 6.21E-06 1.10E-05 1.10E-05
13 Multi-send/receive() 2.04E-05 8.16E-06 5.31E-06 3.43E-06 2.79E-05 1.86E-05 2.16E-05 2.16E-05
14 Time for TestBroadCast() 2.46E-05 2.95E-05 3.60E-05 3.83E-05 3.77E-05 5.20E-05 6.81E-05 6.81E-05
15 Time for Multi-send/receive() 2.12E-05 9.48E-06 4.42E-06 2.36E-06 2.99E-05 1.62E-05 4.25E-06 4.25E-06
16 Time for TestCoordinatedBroadCast() 2.24E-05 2.22E-05 2.35E-05 1.37E-05 3.38E-05 4.54E-05 4.34E-05 4.34E-05
17 Latency for a message of length 500 3.43E-05 4.06E-05 4.20E-05 0.00011 3.85E-05 4.85E-05 5.69E-05 5.69E-05
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Verifications and TimingsVerifications and Timings
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ConclusionConclusion

qq The SPEEDES Communications Services: The SPEEDES Communications Services:
•• Are tailored to meet the specific needs Are tailored to meet the specific needs
  of discrete event simulations  of discrete event simulations

•• Sends point-to-point messages immediately and are: Sends point-to-point messages immediately and are:
  buffered asynchronous / multi-cast / coordinated  buffered asynchronous / multi-cast / coordinated

•• Have been updated to include multiple applications Have been updated to include multiple applications
  using shared memory communications  using shared memory communications

qq SPEEDES can inherently support an HPC RTI SPEEDES can inherently support an HPC RTI
•• Object Management (Declaration, Ownership, Distribution) Object Management (Declaration, Ownership, Distribution)

•• Shared Memory and Network Communications Shared Memory and Network Communications

qq Possibility of continued testing against MPI-2 Possibility of continued testing against MPI-2


